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© Process for biological production of amides. 

© In a process for biological production of an amide wherein a nitrile is hydrated into a corresponding amide 
by the action of a nitrile hydratase originated in a microorganism, the improvement which comprises the use of 
nitrile hydratase which is obtained by culturing a microorganism of the species Rhodococcus rhodochrous in the 
presence of a cobalt ion. 

Aromatic nitrites such as a cyanopyridine as well as aliphatic nitrile such as acrylonitrile are hydrated into 
the corresponding amides. 
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PROCESS FOR BIOLOGICAL PRODUCTION OF AMIDES 



BACKGROUND OF THE INVENTION 



s Field of the Art 

The present invention relates to a process for hydrating a nitrile thereby converting it into a correspond- 
ing amide by the action of a nitrile hydratase originated in a microorganism. More particularly, the present 
invention relates to a process for biologically producing an amide characterized by the microorganism used 
10 and a method for producing nitrile hydratase. 



Background Art 

rs A lower aliphatic amide such as acrylamide is produced by the hydration of a nitrile such as 
acrylonitrile, and there have been proposed many methods of hydration by the action of enzymes such as 
nitrilase or nitrile hydratase produced by microorganisms (see. for example, Japanese Patent Publication 
No.2l519>87, U.S. Patent No.4,001 .081 ; Unexamined Published Japanese Patent Application Nos. 
162193 86 and 91189 87. EPC Nos.0188316 and 0204555; and Japanese Patent Publication Nos. 17918/81 

20 and 37951- 84. U.S. Patent Nos.4.248.968 and 4,637.982). Such methods for biologically producing an amide 
have also been used commercially and have attracted attention as being advantageous processes for 
producing acrylamide. 

Several microorganisms have already been proposed as the ones used for the process for biologically 

producing an amide. However, as far as the present inventors have researched, these microorganisms, 
25 although effective for the hydration of lower aliphatic nitriles. are not always effective for the hydration of 

aromatic nitriles. Thus, the method for producing nicotinamide by the hydration of 3-cyanopyridine exhibits 

too low a yield to use for commercial purposes. 

The prior art to carry out the culture of microorganism in the presence of an iron ion or a manganese 

ion is known. This technique is utilized also in the process for biologically producing an amide, and 
30 examples for culturing the microorganisms of genus Rhodococcus in the presence of an iron ion are 

disclosed in Unexamined Published Japanese Patent Application Nos. 162193 86 and 91189/87. 

As a result of the research conducted by the present inventors, it was found that a nitrile hydration 

enzyme, i.e.. nitrile hydratase, originated in a bacterium of genus Pseudomonas contains Fe in its active 

center and thus the presence of an iron ion in a culture medium is essential to the culture of the 
35 microorganism. Accordingly, it is also presumed in the case of the microorganism of genus Rhodococcus in 

the known examples described above that an iron ion in the culture medium for culturing the microorganism 

is essential to the production of a nitrile hydration enzyme. 

40 SUMMARY OF THE INVENTION 



The present invention has been done on the basis of the findings that a specific strain of genus 
Rhodococcus , i.e. a strain J-1 of the species rhodochrous does not produce nitrile hydratase in an iron ion 
45 containing culture medium and it is in a cobalt ion containing culture medium that the strain produces nitrile 
hydratase; and that the nitrile hydratase thus produced can utilize an aromatic nitrile as a substrate so it is 
transformed into an amide. 

Accordingly, the process for producing an amide according to the present invention is a process for 
biological production of an amide wherein a nitrile is hydrated into a corresponding amide by the action of a 
so nitrile hydratase originated in a microorganism, characterized in that said nitrile hydratase is obtained by 
culturing a microorganism of the species Rhodococcus rhodochrous in the presence of a cobalt ion. 

According to the present invention, although there is zero nitrile hydratase activity in an iron ion 
containing culture medium, the activity will be developed in a culture medium which contains cobalt ion. It 
would be considered unexpected that the development of nitrile hydratase of this specific microorganism 
has critical dependency on the type of metal ion in a culture medium. 
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Furthermore, according to the present invention, hydration of an aromat.c n.tnle can be conducted 
advantageously. The effect of the present invention is useful because of the importance of moo inam.de 
that is the hydration product of 3-cyanopyridine. as a raw material for vitamin synthes.s or of 
pyrazineamide. that is the hydration product of cyanopyrazine. useful as a tuberculostat. 



DETAILED DESCRIPTION OF THE INVENTION 



W 1 . Some General Concept of a Process for Biologically Producing an Amide 

The present invention is concerned with a process for hydrating a nitrile to convert it into a 
corresponding amide by the action of a nitrile hydratase originated in a microorgan.sm wh.ch process 

,s comprises basically the culturing of a microorganism, the inducing of a nitrile hydratase and the causing the 
nitrile hydratase thus obtained to act upon a substrate nitrile. „ racont 
These steps per se are known as unit operations and are used in the.r su.table form ,n the present 
invention. The phriFeology "nitrile hydratase is obtained by culturing a microorganism in the presence of a 
cobalt ion" takes the induction of a nitrile hydratase as a natural prem.se rnrre<snnnf iinn 

20 The premise of the present invention "a process for hydrating a n.tnle to convert it into a corresponding 
amide by the action of a nitrile hydratase originated in a microorganism" includes any appropriate 
embodiments or variations for causing the nitrile hydratase to act upon the nrtnle. As one of such 
embodiments, there is a method for collecting an enzyme produced by a microorgan.sm and using the 
enzyme as an enzyme preparation. This way of use of the nitrile hydratase. wherein the enzyme is used as 

2S aS enzyme preparation is to be understood as failing within a category of "a process for bioiogically 
producing" in the present invention. 



2. Details of the Hydration Reaction 

30 

1) Microorganism 

The microorganism used in the present invention is a microorganism of a species Rhodococcus 

35 rhodochrous . 

Representative strain of this species is the strain J-1 . 
Details of the strain J-1 is as follows: 



40 (1) Origin and deposition 

The strain J-1 was sampled from the soil in Sakyo-ku of Kyoto, Japan, and deposited as an international 
deposit (under the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for 
the Purposes of Patent Procedure) in Fermentation Research Institute. Japan, Agency of Industrial Sciences 
45 and Technology with the accession number of FERM BP-1478. 
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(2) Bacteriological properties 



(a) Morphology 



(1) Form and size of cells: 0.9 - 1.0 u x 3 - 10 v.. 

(2) Presence of polymorphism of cells: The cell exhibits a long rod shape in the .nitial stage of culture, 
grows with snapping in the shape of curvature and then is divided into short bacilli. 

(3) Motility: None. 

(4) Presence of spores: None. 
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<5> Gram's stainability: Positive. 

(6) Acid-fast property: Negative. 

(7) Heterophil granulocyte: Detected. 

lb) Growing states in various culture media (30 C) 

n . Broth agar piate cu,ture: Circle with a diameter of , mm .48 hours,, irregular and smooth, the surface 
,„ SwST Pa 'Th 0 Z:r a s™o,h surface de,ng rather ... section snghfty proving 
S^TSSSi 9-th. forming the Oaeteria, cel, memhrane. and moderate turhidit, 

J5 but not in the lower layer; liquefaction is not observed in gelatin. 
(5) Litmus milk: No change. 



(c) Physiological properties 



20 



(1 ) Reduction of nitrates: Positive. 

(2) Denitrification: Negative. 

(3) MR test: Negative. 

(4) VP test: Negative. 

25 (5) Generation of indole: Positive. 

(6) Generation of hydrogen sulfide: Positive. 

(7) Hydrolysis of starch: Negative. 

(8) Utilization of citric acid: 

Kocur's culture medium: Negative. 
30 Christensen's culture medium: Positive. 

(9) Utilization of inorganic nitrogen source: 
nitrate: Positive. 

ammonium salt: Positive. 

(10) Generation of coloring matter: Negative. 
35 (11) Urease: Positive. 

{ 1 2) Oxidase: Negative. 

(1 3) Catalase: Positive. 

(14) Hydrolysis of cellulose: Negative. 

(15) Range of growth: pH: 5 - 10. temperature: 10-41 
40 (16) Attitude to oxygen: Aerobic. 

(17) Decomposition of tyrosine: Positive. 

(18) Decomposition of adenine: Positive. 

(19) Phosphatase: Positive. 

(20) Hydrolysis of Tween 80: Positive. 
45 (21)0-Ftest: Negative. 

(22) Heat resistance (in 1 0% skim milk at 72 C for 1 5 minutes): None. 

(23) Generation of an acid and gas from a sugar: 
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Acid 


Gas 


L-Arauinose 






D-xyiose 






D-Glucos© 






D-Mannose 








+ 




Maltose 


+ 




Sugar 


+ 




Lactose 






Trehalose 






D-Sorbitol 


+ 




D-Mannitol 


+ 




Glycerol 


+ 




+ : positive; -: 


negative 



(24) Growth in a single carbon source: 

Inositol 
20 Maltose + 

D-Mannitol + 

Rhamnose 

D-Sorbitol + 

nvHydroxybenzoic acid + 
25 Sodium adipate + 

Sodium benzoate + 

Sodium citrate + 

Sodium lactate + 

Testotetrone + 
30 L-Tyrosine + 

Glycerol (1%) (w/v) + 

Trehalose + 

p-Hydroxybenzoic acid (1 %) (w/v) + 

and tuberculo-stearic acid. TLC of myolic acid gives single spot. 

As a result of classification of the above described bacteriological properties in the light of the ^rgyjt 
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2) Substrate nitrite 

Nitrites «bich win be utilized as a substrate of nit* bydratase produced by tbe microorganism 

J£?£Z- aromabc and aiiphatic <-^*tt££2ZStt~~ nitriies. 
, Tbe nitnles »hicb «iil best en,o, *e charactsmt^ on «J^^J' typlal , axa m pl es of .be 



70 



in 



15 



Typicals thereof are 4-, 3- and 2-cyanopyridines. 

CN 



20 




[II] 



25 



30 



^ii^^^ 
difluorobenzonitrile. 

[Ill] 



35 




Those typical thereof are o- and ,3-naphthonitriles. 



40 




CN 



[IV] 



45 



wherein X represents S or O. 

Those typical thereof are 2-thiophene carbomtnle and 2-furonitnle. 
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[V] 
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The typical example thereof is 5-cyanoindole. 

N 




10 



)5 



20 



The typical example thereof is cyanopyrazine inven tion are preferably aliphatic nitriles. 

Another group of nitriles forming the object of the present^ e ^ er ^ P mononit L s . Judging fr0 m 
more preferably mono- or di-nitri.es havmg 2 - i carbon a y ood producibi , ity . 

£ 2T^^^» - - « - - a C0NH! flW 

3) Culturing/production of nitrile hydratase 

T» coring c, a mlm-ta 1" « »-» "SfiSS Sg^S" T™"Ta" 

the nitrile hydratase is accumulated in the bacterial cells. 
(1) Basal medium 

another and to eliminate some component(s) or add other component(s). 
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(i) Culture medium A 



rnm pomnent 
Vitamin mixture 
K 2 HP0 4 
KH 2 P0 4 
NaCl 

MgS0 4 7H 2 0 
Distilled water 
* 1 Composition: 
Biotin 

Calcium pantothenate 

Inositol 

Nicotinic acid 

Thiamin hydrochloride 

pyridoxine hydrochlor 

p-Aminobenzoic acid 

Riboflavin 

Folic acid 

Water 

(ii) Culture medium B 
Glycerol 
Peptone 
Malt extract 
Yeast extract 
Distilled water 
(iii) Culture medium C 

Yeast extract 

KH 2 P0 4 

K 2 HP0 4 

MgS0 4 7H 2 0 

Distilled water 



ide 



Amount (in 1 liter 
nf the medium) 

0.1 ml 

13.4 g 

6.5 g 

l.o g 

0.2 g 
Balance (pH 7.0) 

2 ug 
0.4 mg 
2 mg 
0.4 mg 
0.4 mg 
0.4 mg 
0 . 2 ng 
0.2 mg 
0.01 ng 
to 1 liter 

10 g 
5 g 
3 g 
3 g 

Balance (pH 7.0) 

3 g 
0.5 g 
0.5 g 
0.5 g 
Balance (pH 7.2) 



(2) Enzyme inducer 

Enzyme inducers for inducing and producing nitrile hydratase in a microorganism Rhodococcus 
rhodochrous can be any ones appropriate to the object 
TTpteaTinducers suitable for the present invention are nitnles and am.des. 
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The examples of enzyme inducers whose effect has been confirmed for the strain J-1 are as follows: 
capronamide. methacrylamide and phenylacetamide. 



(3) Cobalt ion source 



Nitrile hydratase is not obtained even if an enzyme inducer described above is present in a i culture 
,o JZ sc I that it is essentia, in accordance with the present invention that a cobalt .on be present m the 

CU,t As medium is aqueous, the cobalt ion is usually generated by adding a water sduble . cobalt 

, 5 S"^e cases, * ^ 
SE. « SJI Sonde! iS j££2£Z. ^ -Le, cobalt borate or the like. Wamine 
Bl7t meSfc cobalt are other examples of the cobalt compounds since these produce - ^ cobalt 
ion in *e culture medium through ionization or oxidative attack by the microorgan.sm dunng the cu.tunng. 



20 
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(4) Culturing 

Culturina for producing and accumulating nitrile hydratase in the bacterial cell may be carried out by 
culturing ^the 9 microCnism used, for examp.e the strain J-1 in a culture medium as descnbed above under 

" T^fl 0n an 2 yme inducer used is in the order of 2 - 6 g per 1 liter of 
the amount of the cobalt ion is in the order of 5 - 15 mg per 1 liter of the culture med.um based on CoCI 2 . 
Particular examples of the composition of the culture media are specified in the followmg. 
30 (i) Culture medium A 1 liter 
Acetonitrile (inducer) 2 g 
C0CI2 10 mg 

(ii) Culture medium B 1 liter 
Isovaieronitrile 2 g 

35 CoCfe 10 mg 

(iii) Culture medium C 1 liter 
Crotonamide 2 g 

C ° C ^he nitn°.e m9 hydratase can be advantageously produced by the shake-cu.turinc , of the . strain _J-1 at a 
« temperature from 15 to 50 ' C. preferably from 20 to 45 C. most preferably around 30 C * pH 7 9 for ca 
30 hours or more preferably 40 hours or more (within the upper limit of e.g. 120 hours). The enzyme 
fnduceHs JreTeSly to be present from the initial stage of the culturing, and it is desirable or prepanng 
bacteria eel s S a high activity to supplement an inducer. For example, when shake ^culture .s to be 
conducted at 28" C for 76 hours, further amount of crotonamide is added 26 hours and 56 hours after the 
start of the reaction so that the concentration is 0.2% (w/v) at each time. 



45 



4) Hydration of nitrile 

The premise of the present invention "process for biological production of an amide wherein a nitrile is 
hvdrated into a corresponding amide by the action of a nitrile hydratase originated .n a rn.croorgan.sm 
Ses as described above various reasonabie embodiments or variations for the way for causmg the 

^0^^^^* produce an amide in a culture medium whiie a substrate nitrile is 

55 embod"^^^ hydratase to act upon its subs trate is to 

nitrile to a culture medium in which a nitrile hydratase has been accumulated to conduct hydration reaction. 
T^e variation of the embodiment is to use a culture medium in which the cells of the m.croorgan.sm have 
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been destroyed as the "culture medium in which £ ZXSZZL. the ce.,s in 

A further embodiment (or causing the mtnle W™ s *'° ™ ^ dium , pre{erably t0 put the cells on an 
which the nitrite hydratase has been l*™™™* *™ ^^Zen «h a substrate. This method, 
appropriate earner or "immob.l.ze them, and i then o o cons idered to be su.ted for 

in a so-called bioreactor. . substrate is the method wherein an 

Another embodiment for the nitrite hydratase o ad upo m» sub ™ » the en2yme 

enzyme preparation of a nitrite hydratase is PJ^J^^i ^ hydrat L react.on in this way 
preparation in rather a non-biolog.cal way. It goes without paying , i y ^ ^ be ^ 

^ould be conducted under such pH and SSL. "biological way". As 

S ™e S e— ?JS. --^3 are not present during the action of the enzyme 

sTo ££ « a ^logical production ^^Ji^^^ P« *- * » °< 7 » 
According to the present *^£«^*£Z ^ a pH Ttss'than 7. the activity of the 
9 with the optimal pH for it of 8.0 If the reaction solution sno 5 P ^ reactjon so|utjon 

enzyme tends to decrease abrupt^ Accord.ngly rt, s desirabte to aa g HEpES;K0H 

, Even if any one of the buffers such as . poimum pho phate ,WJ*J g ^ ^ be ^ 

buffer and a sodium borate buffer .s used, the enzyme ^activ ty W t ^ . g ordinarjly jn a 



25 
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3. Experimental Examples 

me method ,o, measodn, me a*i«y 0. a ni W e hydratase and « uni, 0, .he a*ity in the 
experimental examples belov. are dellner) as follows: 

(1) Method for measuring the activity of a nitrtle hydratase 

The acavity 0. a n«e hydratase is SSJEi,"^ ^"S". 

adding 2 ml of 1 N-HCI to stop the reaction. 



40 (2) Definition of unit 



45 



50 



Referential Example 1 

examined^ adding CoCb and/or FeSO. to the culture med.um during culture, 
(i) Composition of culture medium . 
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10 



15 



20 



Ingredient 


Amount (in 1 liter of 
medium) 


Vitamin mixture 

K2HPO4. 

KH 2 HP04 

MgSOi7H 2 0 

Propionitrile 

Distilled water 


3.0 ml 
0.5 g 
0.5 g 
0.5 g 
2 ml 

Balance (pH 7.2) 



(ii) Culture condition 28* C.70 - 80 hours 

n M ount o£ .11.. based on the dry «el g ht 

. 2 „, Onit of activity *~°f ^JVe Jea on the 
above, and the amount of cells are oa 

dry weight. 
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Referential Example 2 

Tne effects ot vaffous nitrffes or abides as an anayme induce, cn the strain J-1 are se, ff>* in the ta* 
(v/v) or 
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15 



20 



25 



30 



Metal ion added 



CoCl 2 
(mg) 



FeS0 4 
(mg) 



Amount 

of 
cells 

(mg/ml 



o o 



o o o 



o 5 io 20 40 



1.06 1 



.14 1.25 1.24 1.34 



10 10 



10 10 10 



0 5 10 



20 40 



2.04 1-90 2 



,16 2.16 2.07 




Enzyme activity 

U/mg of Q Q o o o 
cells 



U/ml of 
medium 



o o o o o 



0.59 0.26 0.34 0.32 0.16 
1.20 0.49 0-73 0.69 0.33 



35 



for 36 to 48 hours, r- " ' " " 
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10 



15 



20 



25 



30 





Specific 
activity (U/mg) 


Total 
aciiviiy 
(U/ml) 


Amount of cells (mg 
of dry cells/ml) 


Crotonamiae 


2.22 


4.48 


2.02 




1.41 


3.47 


2.46 




1.36 


4.44 


3.26 


Benzamide 


0.84 


2.75 


~~ 3~26 


PropionsrntdG 


0.79 


2.29 


2.90 


A r>ot a im i ri ft 


0.71 


1.55 


2.18 


n Qi it-wronitrilp 
rVDUIyiUHiu no 


1.40 


0.38 


3.70 


Isobutyronitrile 


0 41 


1.24 


3.06 j 


Isovaleronitrile 




1.05 


r 3.07 


n-oaproniinic 


0.28 


1.04 


3.71 




0.32 


1.42 


r 4.49 


Pivalonitrile 


0.35 


0.24 


0.69 


n-Butyroamide 


0.43 


1.55 


3.62 


Isobutyroamide 


0.09 


0.33 


3.48 


isovaleramide 


0.44 


1.08 


1.81 


n-Capronamide 


0.30 


1.06 


3.52 


Methacrylamide 


0.20 


0.62 


3.12 


Phenylacetamide 


0.29 


j 0.28 


0.95 



as Example 1 

45 the specific activity {%)• 

The results are shown below.- 
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Substrate 


Specific 
activity \ °) 


3-Cyanopyridine 


lUU 


Acrylonitrile 


1 Aft 


4-Cyanopyridine 


1« 


2-Cyanopyridine 




5-Cyanoindole 


9 


2-Thiophenonitrile 


1 16 


2-Furonitrile 


71 


Benzonitrile 


80 


4-Cyanophenol 


ZA 


p-Aminobenzonitrile 


ID 


m-Nitrobenzonitrile 


1 


o-Nitrobenzonitriie 


1 ft 
ID 


m-Chlorobenzonitrile 


29 


p-Toiunitrile 


5 


o-Tolunitrile 


48 


m-Tolunitrile 


AO 

3£ 


Anisonitrile 


20 


o-Chlorobenzonitrile 


41 


p-Chlorobenzonitrile 


7 


2,4-Dichlorobenzonitrile 


2 


2,6-Dichlorobenzonitrile 


1 


Cyanopyrazine 


80 



Example 2 



,n a Liter Sa k aguchi flasK was piaced 400 m, of a J^SJSSTg 
culture medium C containing Coda and ^^^J'^Z^Z^ at 28*0. Culture was 
and 2 g per liter of the medium, and ^^^£25* (800 mg,400 ml) at 30 

continued with further addition to the culture med.um of 02, <w,v of croto ^ 
hours and 60 hours after the initiation of culture, and was stopped ' * " 2 Q00 for 15 minut9 s 

""The bacteria, cel.s were ejected by ^^^^^S^^^^ a " d 

^d^^ - - ~ ^ SamPl9d ^ 

^ed for measuring the dry weight of the bacterial cells ir .the ^ added t0 

The suspension containing cells (correspondmg to 2.33 mg ° f ths ^ c ' d 4 57 M of 3 . 

.action section which contained 10 mjMo ^^^^^]^^0^S 
cyanopyridine. and the reaction ^^f^^^^SlS^ of the reaction, respectively. The 
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Example 3 



The pension conning cells (coupon *jg* ^ 3 
, 0 added to 4 ml of a reaction solution whtf , contained 0 mM ted at 25*0. Four moles of 
cyanopyrazine in a variety o concentration s. The ^ t00% ^ . b^w r-cBon. and « 

cyanopyrazine were converted into pyraz.namide w,th a «£™ ot suspensi0 n which contains the 
moles of cyanopyrazine after a 9-hour <^**<%JX»S* * p£« ° f 2 33 m ^ of the dry 
bacterial cells in an amount corresponding to 4J6 mg o the dry 8 ^ cya nopyrazine was 

„ weight described above, was added to the ^^°^Xuour reaction, and 8 M of cyanopyrazine 
converted into pyrazinamide with % conversion of 1 00% after a 6 

after a 9-hour reaction. Production of ^"""•^^^T^p.od.Sed. The crystalline deposit was 

direct Sc^ id9ntifi9d - ^ 

- a^rjffl was conducted by means of high 

pe Te a s n ^ « - — in the foi,ow,n9 examp,es ' 



25 



Example 4 



The suspension of the bacteria, cells (— ding to 4,6 
was added to 4 ml of the reaction solution of a P««^P P M methacrvlonitrile to 

.. 3 M of methacryionitrile. and the reaction W a '^^^jS^^rBV^t^. After 12 hours 
the reaction solution after 1 hour and 3 hours from th ' ' ni ^f n °* a 100 % conversion, 

from the initiation of the reaction. 9 M ^ m ^^JSl!S^^ 5 hours after the initiation of 
in the above reaction, when an addition J o^a^to^ a ^ <jf 

35 2 S£ L M o1SM-To» =°g of methacry.amide was produced and 

40 methacrylamide. 
Example 5 

45 The suspension of the bacteria, cells (correspon din, , to 4.66 ^^^^^^ 
was added to 4 ml of the reaction solution M» ^&%*Z£Z addiL of 1 M portions of 
1 M of crotonitrile. and the reaction wa % M "^^^ 

methacry.onitri,e to the reaction solution ^^^^JZ^Sb was produced in a conversion 
reaction. After 6 hours from the Ration of read ^J™«ie reaction solution after 6 hours and 
so of 100%. When additional 1 M portions of MtonMnm added to me wQre produced in a 

10 hours from the initiation of the rea ^"'/ esp ^ of 8 M coresponds to that 

conversion of 100%, after 10 hours and 22 hours «spec ^^££3Jn solution . 

681 ^^^^^^^^ « — - * *-* ' 
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Example 6 

" The suspension of me bacteria, ceils (correspond* , .to 4,6 ™9 ™ ^^^^ 

, added to 4 ml of the reaction solution <*^"^£££Z£ 3 M portions of aceton,tri.e 
, of acetonitrile. and the reaction was o^f»^i»o P ^ g ^ 



was 
3 M 



1 liter of the reaction solution. o,,hiected to centrifugal treatment to remove the 

Son Whized from moWno. .0 obtain M crystals of aoe,am,0a. 



t5 Example 7 



20 



25 



. - ..j,.. t . ifsc mn of the drv cells) obtained in Example 2 
The suspension of the bacterial cells (correspondm^ » 4.66 mg of the dr ce ^ ^ 

was added to 4 m. of the reaction so Mhmv ^^^^^TZ £ addition of 3 M portions of 
3 M of 3-hydroxypropionitrile. and the reaction /« ~ ^ Lai of 1 hour after the initiation 

3-hydroxypropionitrile to the reaction solution ^ ^ o« an mide was 

produced and accumulated per 1 liter of the react.on s ° lu,, ° n ; cent rifuaal treatment to remove the 

""-The reaction solution was diluted with 

obtain the crystals of 3-hydroxypropionamide. 



30 



Example 8 



" ,„ a Vliter Sa k a g uchi Has, was placed 400 m, o™™^ 
■ culture medium C containing CoCIa and ^f^^^^t^M at 2B'C. Culture was 
and 2 g per liter of the medium, and *e m,xture was "^^~5Sld. (800 mg/400 ml) at 26 
continued with further addition to the culture medio* , o ^ J of croto < ^ ^ 

hours and 56 hours after the initiation of culture, and was stopped a :/* ,™" rs Q 0Q0 {or 20 minutes 
""The bacteria, cells were ejected ^^ B ^S 0 85° censed again, and 

• siss? : as: rr-^xs; ssu - - — was a nd 

S fofmeasunng the dry weight of the ^^^"J^^ celts) was added to 4 ml of a 
The suspension containing cells (correspond.ng to *M™QOl™WC ridine ,„ a 

reaction solution which contained 10 mM of f^^^ c *%^Sm I 3-cyanopyridine were 
« variety of concentrations. The reacton was --J"* & ™ a ^ on< moles of 3- 

converted into nicotinamide w,th a converse n of lOO-c after a >i hour e ^ ^ 

ps ' ^S^ST^Sm *» - ■**» as 11 " M - 1 Th9 C,,SBIS " 9rs ^ and 

55 recrystallized from methanol. 
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Example 9 



10 



n , ^pension 0, ft. ***** ce»s <™* 9 » 8.« jj^.-jrsi'jsssi 

„,e added .0 4 ml ol fte -e.odon aohrton oomaftftt I 10 «jM d a PJ^« » P enmn „ rile „ „ e reaction 
, M o, -JJ, 1 — :S fte™'.f ftd' i*** — . « «" - * 9 

Example 10 

T.3 suspension of the bacteria, ce,,s ^* ^Z^~l^ 

was added to 4 ml of the reaction solut,on contam.ng 10 mM of a pota P M Qf Z Q _ 

0.5 M of 2.6-dif.uorobenzonitriie. and "V^^^^ ^ the initiation of the reaction, 
difluorobenzonitrile to the react.on soluton after 2M I and a i nou 2i6 . dif , uorobe nzamide was 

respectively. After 22 hours from the initiation of the reaction. 2.5 M (393 g/lit.) 
produced with a 100% conversion. 



20 Example 11 



25 



™ 5usp ,„e,on o, fte oaCed* a* ^^STS'^St! 
„aa addad Id 4 ml df the reaction solute, cantaining 10 mM oil pdtasjiuir , p P 2 .ft l0 pher,e 
" o. 2-thiophene oardonltdle. and the -eaa m~ 0 J* addft, ^ ^ ^ ^ 



conversion 
30 Example 12 



35 



^ suspension o, the Oaoteda, de„s ^^pSSTSS'lSwllS 



the initiation 
Example 13 



40 



The soepenelon a, fto daoteda, ce,,s ^ I » J- ^.^.^T^JM 
waa added .» 4 ml ol the reaction solute. "»-«»"^ ^ ""4 ho°,a iron, fte initiate 0. fte 

^n%^^^ 



45 



Claims 

,. a proceaa * O^leal production ., an amide *£^J5ZS£2 
" r-^^^S=^ rd=T^S a nteUanlam o, fte 

is selected from the group consisting oft 
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35 



wherein X represents S or O; 



40 



45 



SO 
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H 



5 




[VI; and 



10 



15 



20 




[VI] 

-CN 



is tees- - <**#- «•— oi a - OTid ° aeco '* 9 ,o " y ° ne " c,aims ' md 2 ' 

having 2 - 6 carbon atoms is acrylomtnle. ^ . 
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